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PROGRAM CREATION ASSISTANCE
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

The present application 1s based on PCT filing PCT/
JP2020/026549, filed Jul. 7, 2020, the entire contents of
which are incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates to a program creation
assistance device for assisting in the development of pro-
grams to be executed in a parallel real-time processing
device.

BACKGROUND ART

Conventionally, there 1s a program development device
disclosed, for example, 1n Patent Document 1 as a program
creation assistance device for developing programs to be
executed 1n a parallel real-time processing device.

This program development device includes an input
device for selection of i1cons and the like for creating
diagrams, a display device for displaying diagrams that are
being created or have been created, a diagram creation
section for creating diagrams, and an icon storage section for
storing program entities corresponding to the 1cons used for
the creation of diagrams. The program development device
turther includes a diagram storage section for storing created
diagrams, an interpreter for interpreting and executing the
created diagrams, and an object library composed of a
plurality of objects.

PRIOR ART DOCUMENTS

Patent Document(s)

Patent Document 1: Japanese Patent No. 3489962

SUMMARY

Problem to be Solved by the Invention

Conventional program creation assistance devices typi-
fied by the program development device disclosed 1n Patent
Document 1 cannot describe the configuration of HW (hard-
ware) and SW (software) of a system that executes the
parallel real-time processing. For execution of processes on
a computer including multiple CPUs (Central Processing
Units) and OSs (Operating Systems), a design with consid-
eration given to the CPUs and OSs that execute the respec-
tive processes 1s hence separately required, which 1n turn
takes time and eflort.

A user cannot easily check the time required to execute
the processes under specified CPU and OS environments in
the stage of program creation using the program creation
assistance device. It 1s hence relatively difficult for the user
to recogmze whether a created program will be finished
within a period of time desired by the user or not.

Thus, when a conventional program creation assistance
device 1s used, 1t has been diflicult to create programs so as
to reliably meet specifications required for the parallel
real-time processing device.

It 1s therefore an object of the present disclosure to solve
the aforementioned problems and to provide a program
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2

creation assistance device that accurately assists in the
creation of a program to be executed within a period of time
desired by a user.

Means to Solve the Problem

A program creation assistance device according to the
present disclosure 1s a program creation assistance device
for a parallel real-time processing device, comprising: an
input device to provide program environment information
including a configuration of a CPU and an OS for use by the
parallel real-time processing device; a program creation
circuitry to create a program using the CPU and OS specified
by the program environment information to output program
information indicating details of the program; and an execu-
tion time estimation circuitry to receive the program infor-
mation and to execute an execution time estimation process
which obtains an estimated program execution time for the
program, the program creation circuitry including a process-
ing configuration description circuitry to execute a process-
ing configuration description process which brings multiple
processes making up the program into correspondence with
multiple 1cons, specifies a CPU and an OS for each of the
multiple icons, and describes an execution order relationship
between the multiple 1cons, and a communication detail
description circuitry to execute a communication detail
description process which describes communication details
of each of a necessary number of communication paths
between the multiple icons, the execution time estimation
circuitry 1mcluding a processing time estimation circuitry to
execute a processing time estimation process which obtains
an estimated processing time by estimating a processing
time of a corresponding process for each of the multiple
icons, based on the specified CPU and OS, and a commu-
nication time estimation circuitry to execute a communica-
tion time estimation process which obtains an estimated
communication time by estimating a communication time
for each of the necessary number of communication paths,
based on the specified CPU and OS, wherein the processing
configuration description process and the communication
detail description process are executed 1n response to a user
operation using the mput device, and an 1nstruction for start
ol execution of the processing time estimation process and
the communication time estimation process 1s provided by a
user operation using the mput device, and wherein the
execution time estimation process includes the processing
time estimation process and the communication time esti-
mation process, and the estimated program execution time
includes the estimated processing time for each of the
multiple 1cons and the estimated communication time for
cach of the necessary number of communication paths, the
program creation assistance device further comprising a
display to display estimated-time-added program informa-
tion on a screen, the estimated-time-added program infor-
mation being information 1n which the estimated processing
time 1s brought mto correspondence with each of the mul-
tiple 1cons and in which the estimated communication time
1s brought into correspondence with each of the necessary
number of commumnication paths.

e

‘ects of the Invention

[T]

The program creation assistance device of the present
disclosure causes the processing time estimation circuitry
and the communication time estimation circuitry to execute
the processing time estimation process and the communica-
tion time estimation process, thereby obtaining the estimated
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processing time for each of the multiple 1cons and the
estimated communication time for each of the necessary
number of communication paths as the estimated program
execution time, based on the specified CPU and OS.

Thus, a user 1s able to change the correspondence of CPUs
and OSs with the multiple 1cons as approprate to relatively
casily recognize factors adversely aflecting the overall
execution time of the program by reference to the estimated-
time-added program information displayed on the screen of
the display.

As a result, the program creation assistance device of the
present disclosure eflectively assists 1n the creation of the
program to be executed within a period of time desired by
the user.

These and other objects, features, aspects and advantages
of the present disclosure will become more apparent from
the following detailed description and the accompanying
drawings.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a block diagram showing a configuration of a
program creation assistance device according to a first
embodiment.

FIG. 2 1s an illustration showing the concept of a chart
(initial state) created by a chart creation section shown 1n
FIG. 1.

FI1G. 3 1s an 1llustration showing an 1mage of a single 1con.

FIG. 4 1s an illustration showing an 1mage of a commu-
nication path between icons.

FIG. 5 1s an illustration showing an 1mage of a commu-
nication path displayed in a separate window,

FIG. 6 1s an 1illustration schematically showing an
example of the chart created by the chart creation section
shown 1n FIG. 1.

FIG. 7 1s a flow diagram showing a procedure for a
program creation process using the program creation assis-
tance device of the first embodiment.

FIG. 8 1s a block diagram showing a configuration of the
program creation assistance device according to a second
embodiment.

FIG. 9 1s an 1illustration schematically showing an
example of the chart created by the chart creation section
shown 1n FIG. 8.

FIG. 10 1s a flow diagram showing a procedure for the
execution of an internal process by a program creation aid
section shown i FIG. 8.

FIG. 11 1s a flow diagram showing a procedure for the
program creation process using the program creation assis-
tance device of the second embodiment.

FI1G. 12 15 a block diagram showing a configuration of the
program creation assistance device according to a third
embodiment.

FIG. 13 1s an illustration showing an example of an
estimation result of a probability-distribution-added esti-
mated processing time 1n graphical form.

FIG. 14 1s an illustration showing an example of the
estimation result of the probability-distribution-added esti-
mated processing time 1n tabular form.

FIG. 15 15 an illustration showing an example of analysis
details of the probability-distribution-added estimated pro-
cessing time shown in FIG. 13 1n graphical form.

FIG. 16 1s an 1illustration showing an example of an
estimation result of a probability-distribution-added esti-
mated overall execution time 1n graphical form.
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FIG. 17 1s a flow diagram showing a procedure for the
program creation process using the program creation assis-
tance device of the third embodiment.

FIG. 18 1s a block diagram schematically showing a
hardware configuration of the program creation assistance
device according to the first to third embodiments.

DESCRIPTION OF EMBODIMENT(S)

First Embodiment

FIG. 1 1s a block diagram showing a configuration of a
program creation assistance device 71 according to a first
embodiment of the present disclosure.

As shown 1n FIG. 1, the program creation assistance
device 71 includes a program creation section 1, an execu-
tion time estimation section 2, a program conversion section
3, an mput device 4, and a display device 5 as 1ts main
components.

The mput device 4 receives program environment infor-
mation D4 including configurations of CPUs and OSs used
by a parallel real-time processing device from outside, and
provides the program environment information D4 to the
program creation section 1. The program environment infor-
mation D4 generally indicates multiple CPUs and multiple
OSs. However, the program environment information D4
may 1indicate either a single CPU and multiple OSs or
multiple CPUs and a single OS.

The program creation section 1 creates a program through
the use of the CPUs and OSs specified by the program
environment information D4. Then, the program creation
section 1 outputs program information D6 indicating the
details of the created program to the execution time estima-
tion section 2, the program conversion section 3, and the
display device 5. A parallel real-time processing device that
actually executes the program created by the program cre-
ation section 1 1s referred to heremnatfter as “target HW for
development” in some cases.

The execution time estimation section 2 receives the
program 1nformation D6 to execute an execution time esti-
mation process for obtaining an estimated program execu-
tion time for the program.

The program creation section 1 includes a chart creation
section 11 and a processing detail creation section 12 as 1ts
main components. The chart creation section 11 describes
the structure of the program to be created by means of 1cons
and connections between i1cons. In other words, the chart
creation section 11 brings multiple processes that make up
the program into correspondence with multiple 1cons. Fur-
ther, the chart creation section 11 includes a processing
configuration description section 111 and a communication
detail description section 112 as 1ts main components.

The processing configuration description section 111 rec-
ognizes information about the CPUs and OSs to be used by
the target HW for development from the program environ-
ment 1nformation D4.

The processing configuration description section 111
executes a processing configuration description process
which brings multiple processes that make up the program
into correspondence with multiple icons, specifies a CPU
and an OS for each of the multiple icons, and describes an
execution order relationship between the multiple icons. The
term “icon” as used herein means a program component
corresponding to a “process” hereinafter. Conceivable pro-
gram components include program modules, functions con-
stituting programs, groups of functions, and the like.
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The communication detaill description section 112
executes a communication detail description process which
describes communication details for each of a necessary
number of communication paths between the multiple icons.
The communication details include a communication
method to be used and the details of data to be communi-
cated.

The processing detail creation section 12 executes a
processing detail creation process which creates processing,
details for each of the multiple icons.

The aforementioned processing configuration description
process, the aforementioned communication detail descrip-
tion process, and the aforementioned processing detail cre-
ation process are executed 1n response to a user operation by
an operator using the mput device 4.

The program creation section 1 creates a program by
executing the aforementioned processing configuration
description process, the aforementioned communication
detail description process, and the aforementioned process-
ing detail creation process, and obtains the program infor-
mation D6 indicating the details of the created program. The
program information D6 1s information indicating the mul-
tiple 1cons with specified execution order, the CPU and OS
specified for each of the multiple icons, a necessary number
of communication paths, and processing details of the mul-
tiple 1cons.

The execution time estimation section 2 includes a pro-
cessing time estimation section 21 and a communication
time estimation section 22 as 1ts main components.

The processing time estimation section 21 refers to the
program 1nformation D6 to execute a processing time esti-
mation process which obtains an estimated processing time
by estimating the processing time of a corresponding pro-
cess for each of the multiple 1cons indicated by the program
information D6, based on the specified CPU and OS. Thus,
multiple processing times corresponding to the multiple
icons are obtained by the execution of the processing time
estimation process by the processing time estimation section
21.

The communication time estimation section 22 executes a
communication time estimation process which obtains an
estimated communication time by estimating a communica-
tion time for each of a necessary number of communication
paths, based on the specified CPU and OS. Thus, a requited
number of estimated communication times corresponding to
the necessary number of communication paths are obtained
by the execution of the communication time estimation
process by the communication time estimation section 22.

Thus, the estimated program execution time obtained by
the execution time estimation section 2 includes the esti-
mated processing time for each of the multiple 1icons and the
estimated communication time for each of the necessary
number of communication paths.

In this manner, the execution time estimation section 2
executes the execution time estimation process including the
processing time estimation process and the communication
time estimation process to obtain estimated-time-added pro-
gram information D6¢ that 1s the program information D6
with the atorementioned estimated program execution time
added thereto.

In the present description, the program information D6
with the atorementioned estimated program execution time
added thereto 1s referred to as “estimated-time-added pro-
gram 1nformation D67’ 1n some cases. The estimated-time-
added program information Dé6¢ 1s information in which the
estimated processing time 1s brought into correspondence
with each of the multiple 1cons and the estimated commu-
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nication time 1s brought mto correspondence with each of
the necessary number of communication paths.

Further, the execution time estimation section 2 deter-
mines an estimated overall execution time AT for the entire
program from the multiple estimated processing times and
the necessary number of estimated communication times,
and causes the estimated program execution time to include
the estimated overall execution time AT.

Instructions for the start of execution of the processing
time estimation process and the communication time esti-
mation process which are included in the execution time
estimation process are provided by a user operation using
the iput device 4.

A program for which the correspondence of the CPUs and
OSs by the program creation section 1 1s fixed 1s specified
as a fixed program. In the program information D6, infor-
mation indicating the details of the fixed program 1s espe-
cially referred to as “fixed program information D6/ 1n
some cases. The fixed program information D6/ includes the
multiple 1cons, the necessary number of communication
paths, the CPUs and OSs fixedly specified for the multiple
icons, and the processing details of the multiple icons.

The program conversion section 3 receives the fixed
program information D6/, converts the fixed program infor-
mation D6f into a dedicated program to be executed by the
target HW for development, and creates dedicated program
information D3 indicating the details of the dedicated pro-
gram.

The program conversion section 3 includes a processing
code generation section 31, a communication code genera-
tion section 32, and a setting code generation section 33 as
its major components.

The processing code generation section 31 converts the
processing ol multiple icons indicated 1n the fixed program
information D67 into multiple processing codes for the target
HW for development.

The communication code generation section 32 converts
a necessary number ol communication paths indicated 1n the
fixed program information D6/ into a necessary number of
communication codes for the target HW for development.
The setting code generation section 33 generates the
CPUs and OSs assigned to the multiple icons as multiple OS
and CPU codes for the target HW for development, based on
indication details of the fixed program information Dé6f.

Thus, the dedicated program information D3 includes the
multiple processing codes, the necessary number of com-
munication codes, and the multiple OS and CPU codes for
the target HW for development.

The mput device 4 accepts user operations which are
operations by an operator, and provides the program envi-
ronment information D4 at least regarding the number of
CPUs 1n the target HW for development, the types of OSs,
and the performance value of each CPU to the program
creation section 1. All or part of the program environment
information D4 may be taken in from outside via the input
device 4.

Further, the program creation section 1, the execution
time estimation section 2, and the program conversion
section 3 are operable by a user operation using the input
device 4.

The display device 5 displays the details of the program
information D6 or the estimated-time-added program infor-
mation D67 on a screen 1n a manner visually recognizable by
an operator.

FIG. 18 1s a block diagram schematically showing a
hardware configuration of the program creation assistance
device 71. As shown in FI1G. 18, a keyboard 101, a computer
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102, a memory 103, and a display 104 are connected to a bus
105 for sending and receiving data.

The computer 102 has a CPU (known also as a central
processing unit, a central processor, a processor, an arith-
metic unit, a miCroprocessor, a microcomputer, a processor,
or a DSP) that executes application programs stored 1n the
memory 103 or inside.

Conceivable examples of the memory 103 include non-
volatile or volatile semiconductor memories such as a RAM,
a ROM, a flash memory, an EPROM, and an EEPROM. In
addition, the memory 103 may be a magnetic disk, a flexible
disk, an optical disk, a compact disk, a mini disk, a DVD, or
any other storage medium for use 1n the future.

The program creation section 1, the execution time esti-
mation section 2, and the program conversion section 3 are
all implemented by the computer 102 executing the appli-
cation programs. The mput device 4 corresponds to the
keyboard 101 connected to the computer 102, and also
includes a mouse not shown 1n FIG. 18. When at least part
of the program environment mnformation D4 1s taken from
outside, the mput device 4 includes an mput port.

The display device 5 corresponds to the display 104
connected to the computer 102 through the bus 105. The
program information D6 1s recorded 1in the memory 103 or
a recording device in the computer 102.

FIG. 2 1s an 1illustration showing the concept of a chart
(initial state) created by the chart creation section 11. As
shown 1n FI1G. 2, the chart creation section 11 displays on the
screen ol the display device 5 a chart including the infor-
mation about the CPUs and OSs for the target HW for
development which 1s provided as the program environment
information D4 from the mput device 4, an area for assign-
ing processes to the CPUs and OSs, and a time axis for
making the processing time and the communication time
intuitively understandable.

In the processing configuration description section 111
which 1s a main component of the chart creation section 11,
icons are placed 1n areas corresponding to the CPUs and OSs
to allow selection of the CPUs and OSs executing the
processes corresponding to the icons.

In the example shown 1n FIG. 2, “CPU1” and “CPU2” are
assigned for “OS-A”, and “CPU3” 1s assigned for “OS-B”.
In this case. The program environment information D4
indicates the “CPU1” to “CPU3”, “OS-A”, and “OS-B” as
the configurations of CPUs and OSs.

The order of execution of icons 1s determined by con-
necting the 1cons to each other. In addition, a pin can be
added to an 1con to indicate the presence of data to be
outputted from the icon or to be iputted to the 1con.

FI1G. 3 1s an 1llustration showing an 1mage of a single 1con.
FIG. 4 1s an illustration showing an image ol a communi-
cation path between icons.

As shown 1n FIG. 3, an 1con 30 1s set 1n corresponding,
relation to a process a. As shown 1n FIG. 4, icons 51 and 52
are set 1 corresponding relation to processes A and B,
respectively. In addition, a pin 61 on the output side of the
icon 51 and a pin 62 on the put side of the 1con 52 are
connected to each other by a communication path CP1. The
communication path CP1 indicates that communication pro-
cessing 1s performed from the 1con 51 to the 1con 52.

With regard to a pair of icons, the connection 1s estab-
lished 1n this manner between the pin on the output side of
one 1con and the pin on the mput side of the other icon to
thereby indicate the presence of the commumnication path
from the one icon to the other icon.

The communication detail description section 112 which
1s a main component of the chart creation section 11
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describes the communication details of a communication
path CP between the 1cons created in the processing con-
figuration description section 111. For the communication
path CP connecting the pins on the chart, the communication
details are described 1n a separate window different from the
chart.

FIG. 5 1s an 1illustration showing an image of the com-
munication path displayed in the separate window. As shown
in FIG. §, the communication path CP from the “process A”
indicated by the 1con 31 to the “process B” indicated by the
icon 52 1s described.

As shown 1n FIG. 5, variables a to ¢ which become output
data are outputted from pins 61a to 61c¢ on the output side
of the icon 351. On the other hand, pins 62d to 62f on the
input side of the 1icon 32 recerve variables d to 1 as input data.
At this time, the variable a outputted from the i1con 51 1s
iputted to the pin 62¢ as the variable e 1n the icon 52; the
variable b outputted from the 1con 51 1s inputted to the pin
624 as the variable d in the i1con 52; and the variable ¢
outputted from the 1con 51 1s inputted to the pin 62/ as the
variable 1 in the 1con 52.

In this manner, FIG. 5 shows that the communication path
CP 1s provided between the icons 51 and 352 for data
communication between the variables a to ¢ and the vari-
ables d to T.

The communication method to be used may be deter-
mined for each communication path CP. For example,
displaying the name of the communication method near a
line 1indicating the communication path CP enables an opera-
tor to intuitively recognize the communication method.
Also, the line type indicating the communication path CP
may be displayed with different details for each communi-
cation method.

Examples of the communication method include a socket,
a shared memory, and a pipe. The socket 1s a communication
method capable of bidirectional communication and 1s more
reliable than the communication using the shared memory.
The pipe 1s a communication method capable of only
unmidirectional communication but 1s stmpler than the socket.
The communication using the shared memory 1s a method 1n
which data 1s stored 1n a memory accessible by both a sender
and a receiver, and data 1s passed between the sender and the
receiver.

The communication method using the shared memory 1s
the fastest from the viewpoint of communication speed, but
has the disadvantage of low reliability if implementation 1s
incorrect, such as fatal errors 1f the address to be accessed 1s
incorrect.

The socket and the pipe, on the other hand, are higher 1n
reliability but slower 1n communication speed. Thus, which
of the multiple commumication methods including the
socket, the shared memory, and the pipe 1s to be used 1s on
a case-by-case basis.

For selection from the multiple communication methods,
the program environment information D4 includes the mul-
tiple communication methods to be selected.

FIG. 6 1s an 1illustration schematically showing an
example of the chart (creation stage) created by the chart
creation section 11. In the example shown 1in FIG. 6, four

icons 51 to 54 are set 1n corresponding relation to processes
Ato D.

The 1con 51 1s assigned to “CPU1”, and the 1con 32 1s
assigned to “CPU2”. The 1cons 53 and 34 are assigned to
“CPU3”.

Arrows 1ndicating the order of execution from the 1con 51
to the icons 52 and 53 are shown, and arrows indicating the
order of execution from the icons 52 and 53 to the icon 54
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are shown. Thus, FIG. 6 shows that, among the icons 31 to
54, the order of execution 1s as follows: the icon 51, the 1cons

52 and 53, and the 1con 54. The 1cons 52 and 53 are parallel
processes executed by “CPU2” and “CPU3”.

The pin 62 on the output side of the icon 52 and a pin 64
on the 1mput side of the 1con 34 are connected to each other

by a communication path CP2. Thus, FIG. 6 shows that a
communication process 1s performed between the i1cons 52
and 34 through the communication path CP2.

The processing details corresponding to the respective
icons are created by the processing detail creation section
12. The created processing details may be 1n a chart form
using icons similar to those of the chart creation section 11
or may be 1n a form created by an external tool. The created
processing details are managed 1n corresponding relation to
the 1cons.

The program information D6 created by the program
creation assistance device 71 includes information indicat-
ing multiple icons, a necessary number of communication
paths, processing details of the multiple icons, OSs and
CPUs corresponding to the multiple 1cons, and a procedure
for the execution of the multiple 1cons.

In the example of FIG. 6, the icons 51 to 54 correspond
to the multiple 1cons, and the communication path CP1
corresponds to the necessary number of communication
paths. The arrows between the icons 51 to 54 indicate the
procedure for the execution of the multiple icons, and the
positions at which the icons 51 to 54 are placed specify the
OSs and CPUs that execute the icons 51 to 34.

The execution time estimation section 2 receives the
program information D6 created in the program creation
section 1, and executes the execution time estimation pro-
cess for obtaining the estimated program execution time for
the program indicated by the program information D6.

The estimated program execution time includes the esti-
mated processing time for each of the multiple 1cons, the
estimated communication time for each of the necessary
number ol communication paths, and the estimated overall
execution time AT. The estimated processing times for the
multiple icons are heremafter referred to generically as
“multiple estimated processing times”, and the estimated
communication times for the necessary number of commu-
nication paths are hereinafter referred to generically as a
“necessary number of estimated communication times”, 1n
SOme cases.

The aforementioned estimated overall execution time AT
1s obtained by an arithmetic process including addition
based on the multiple estimated processing times and the
necessary number of estimated communication times.

Based on the program information D6, the execution time
estimation section 2 obtains the estimated-time-added pro-
gram information D67 in which imnformation indicating the
estimated program execution time including the estimated
overall execution time AT, the multiple estimated processing
times, and the necessary number of estimated communica-
tion times 1s added to the program information D6. The
estimated-time-added program information D67 1s sent to the
program creation section 1 and the program conversion
section 3, as appropriate.

When the estimated-time-added program information D6¢
1s obtained by the execution time estimation section 2, the
estimated-time-added program information D67 1s provided
to the display device 5 via the program creation section 1.

Thus, as shown 1n FIG. 6, estimated processing times 11
to T4 corresponding to the icons 51 to 34, an estimated
communication time TC2 corresponding to the communi-
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cation path CP2, and the estimated overall execution time
AT are displayed on the screen of the display device 5.

The processing time estimation process 1s performed by
the processing time estimation section 21 as a simulation
using a hardware simulator or as an arithmetic process based
on the previously evaluated relationship between the number
of steps and the execution speed, based on the number of
steps necessary for the process and the performance of CPUs
executing the 1cons, by reference to the processing details of
the icons. The processing details of the 1cons are created by
the processing detail creation section 12.

The communication time estimation process 1s performed
by the communication time estimation section 22, based on
the vaniables communicated on each communication path
and the communication method thereof. For example, the
communication time estimation process 1s executed by using
the previously evaluated relationship between the amount of
data to be communicated, the communication method, and
the communication time for a selected communication
method. The communication method and the communica-
tion details of each communication path are created by the
communication detail description section 112.

The estimated overall execution time AT 1s the sum of the
estimated processing times of the respective icons and the
communication times 1n the respective communication paths
CP as a result of tracing the connected 1cons sequentially
from the starting icon at the left end of the chart to the ending
icon at the right end. ITf multiple routes can be traced from
the starling i1con to the ending icon, the worst value among
the estimated execution times of the multiple routes 1s used
as the estimated overall execution time AT.

The fixed program information D6/ created in the pro-
gram creation section 1 and indicating the details of the fixed
program for which the assignment of the OSs and CPUs 1s
completed 1s provided to the program conversion section 3.
The program conversion section 3 converts the fixed pro-
gram indicated by the fixed program information D6/ into a
dedicated program to be executed by the target HW for
development, and outputs the dedicated program informa-
tion D3 indicating the dedicated program.

The dedicated program information D3 includes the mul-
tiple processing codes, the necessary number of communi-
cation codes, and the multiple OS and CPU codes which are
to be executed by the target HW {for development, as
described above.

FIG. 7 1s a flow diagram showing a procedure for a
program creation process using the program creation assis-
tance device 71 of the first embodiment.

With reference to FI1G. 7, a procedure for program devel-
opment using the program creation assistance device 71 of
the first embodiment will be described.

The program creation process 1s commenced by starting
the program creation assistance device 71 of the first
embodiment.

First, in Step S11, an operator provides the program
environment information D4 about the target HW for devel-
opment from the input device 4 to the program creation
section 1. The program environment information D4
includes the number of CPUs to be used by the target HW
for development, the performance of the CPUs, the types of
OSs, and the like. The program environment information D4
usually indicates multiple CPUs and multiple OSs.

Next, in Step S12, the processing configuration descrip-
tion process 1s performed by the processing configuration
description section 111 to describe processes desired to be
executed 1n the target HW for development by using icons.
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Thereafter, in Step S13, the processing detail creation
process 1s performed by the processing detail creation sec-
tion 12 to create the processing details for the icons
described 1n Step S12. The processing details may be created
using other external tools without using the processing detail
creation section 12.

Then, 1n Step S14, the communication detail description
process 1s performed by the communication detail descrip-
tion section 112 to describe the communication details in
cach communication path.

Steps S11 to S14 described above provide necessary
information as the program information D6. The processes
in Steps S11 to S14 are performed in response to a user
operation by an operator that 1s a user using the mput device

4

Thereafter, 1n Step S15, whether the execution of the
program 1ndicated by the program information D6 1s to be
completed within the execution time required by the opera-
tor or not 1s checked. Step S15 1s a checking process by the
operator. Step S15 will be described 1n detail below.

Specifically, the execution time estimation section 2 is
caused to execute the execution time estimation process,
thereby generating the estimated-time-added program infor-
mation D6¢, based on the program information D6. At the
same time, the estimated-time-added program information
Dé6¢ 1s outputted via the program creation section 1 to the
display device 5, whereby the estimated-time-added pro-
gram information D67 1s displayed 1n a visually recognizable
form on the screen of the display device 3.

The operator recognizes the estimated overall execution
time AT by reference to foe estimated-time-added program
information D67 displayed on the screen of the display
device 5 to thereby make a YES/NO judgment in Step S15.

Specifically, 1 “RTzAT™ 1s satisfied between a required
overall execution time RT required by the operator and the
estimated overall execution time AT, the judgment result 1n
Step S15 1s YES; and 11 not, the judgment result 1n Step S15
1s NO.

If the judgment result 1s YES m Step S15, the current
program information D6 1s outputted as the fixed program
information D6f to the program conversion section 3 1n Step
S18. As a result, the dedicated program information D3 for
the target HW for development 1s obtainable by a program
conversion process using the program conversion section 3.
After the execution of Step S18, the process 1s terminated.

If the judgment result 1s NO 1n Step S135, the operator
performs a program improvement process i Steps S16 and
S17.

First, in Step S16, the details of the estimated-time-added
program information D67 are verified. Multiple estimated
processing times and a necessary number of estimated
communication times in addition to the estimated overall
execution time AT are included 1n the estimated-time-added
program information D6¢.

For example, as shown in FIG. 6, the operator 1s able to
recognize an 1con or a communication path adversely aflect-
ing the estimated overall execution time AT by reference to
the estimated processing times 11 to T4 of the icons 51 to
54 and the communication path CP2.

Next, in Step S17, the operator performs an individual
improvement process, based on the verification result of
Step S16. For example, the operator changes the OS and
CPU assignment or the processing details for the adversely
allecting 1icon. Similarly, the operator changes the OS and
CPU assignment or the communication details for the
adversely aflecting communication path.
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In the aforementioned individual improvement process,
the change 1n OS and CPU assignment for each icon 1s
relatively easy and 1s an effective measure for improving the
processing time of each icon and the communication time of
cach communication path. This 1s because the processing
time ol each i1con and the communication time of each
communication path vary depending on the assigned OSs
and CPUs.

Thereatter, the process returns to Step S135 again. Then, 1f

the judgment result 1s YES 1n Step S135, the process proceeds
to Step S18 and i1s terminated. On the other hand, 11 the
judgment result 1s NO 1n Step S15, the process 1n Steps S16
and S17 1s performed again.
The program creation assistance device 71 of the first
embodiment 1s used as shown 1n FIG. 7. The operator uses
the program creation assistance device 71 to create a pro-
gram with consideration given to the estimated overall
execution time AT, the estimated processing time for each
icon, and the estimated communication time for each com-
munication path while setting the OSs and CPUs that
execute the processes making up the program.

Thus, the use of the program creation assistance device 71
of the first embodiment makes 1t relatively easy to develop
a program executable within the required overall execution
time RT required by the operator.

As mentioned above, the program creation assistance
device 71 of the first embodiment causes the processing time
estimation section 21 to execute the processing time esti-
mation process and causes the communication time estima-
tion section 22 to execute the communication time estima-
tion process, thereby obtaining the estimated processing
time for each of the multiple 1cons and the estimated
communication time for each of the necessary number of
communication paths, based on the specified CPUs and OSs.

Thus, the operator as a user 1s able to change the corre-
spondence of CPUs and OSs with the multiple 1cons as
appropriate to relatively easily recognize the factors
adversely aflecting the estimated overall execution time AT
of the program by reference to the estimated-time-added
program information D6z displayed on the screen of the
display device 5.

Then, the operator 1s able to perform the individual
improvement process of Step S17 on an 1con or a commu-
nication path adversely aflecting the estimated overall
execution time AT of the program.

As a result, the program creation assistance device 71 of
the first embodiment effectively assists in the creation of the
program to be executed within the required overall execu-
tion time RT desired by the operator.

In addition, the program creation assistance device 71 of
the first embodiment creates the processing details of each of
the multiple 1cons by the processing detail creation process
of the processing detail creation section 12.

Thus, the operator 1s able to change the processing details
of the multiple icons as approprniate in addition to the
correspondence of CPUs and OSs with the multiple icons to
reference the estimated-time-added program information
D6t displayed on the screen of the display device 5.

As a result, the program creation assistance device 71 of
the first embodiment more extensively assists in the creation
of the program to be executed within the required overall
execution time RT desired by the operator.

Furthermore, the program creation assistance device 71 of
the first embodiment has the program conversion section 3.
This allows the program creation assistance device 71 of the
first embodiment to automatically obtain the dedicated pro-
gram information D3 indicating the dedicated program for
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the target HW for development operating within the required
overall execution time RT desired by the operator.

Second Embodiment

FIG. 8 1s a block diagram showing a configuration of a
program creation assistance device 72 according to a second
embodiment of the present disclosure. As shown 1n FIG. 8,
the program creation assistance device 72 of the second
embodiment 1s characterized by the addition of a program
creation aid section 7 to the program creation assistance
device 71 of the first embodiment.

The same components shown in FIG. 8 as those of the first
embodiment shown 1n FIG. 1 are designated by the same
reference numerals and characters as appropnate, and will
not be described. Features of the second embodiment will be
mainly described.

The 1nput device 4 accepts new 1ndication information
indicating the start of an assignment aid process of the
program creation aid section 7.

In the second embodiment, the program environment
information D4 provided from the input device 4 1s extended
to required-time-added program environment information
Dd¢. The required-time-added program environment infor-
mation D47 includes required execution time information
indicating the required overall execution time RT of a
program, multiple required processing times corresponding,
to multiple processes, and a necessary number of required
communication times corresponding to a necessary number
of communication paths, in addition to the program envi-
ronment information D4.

The hardware configuration of the second embodiment 1s
also shown 1n FIG. 18, as 1n the first embodiment. However,
the newly added program creation aid section 7 1s 1mple-
mented by the computer 102 executing an application pro-
gram.

FIG. 9 1s an 1illustration schematically showing an
example of the chart created by the chart creation section 11.
In the example shown 1n FIG. 9, five icons 51 to 55 are set
in corresponding relation to processes A to H. Also, “CPU1”
and “CPU2” are assigned for “OS-A”, and “CPU3” 1s
assigned for “OS-B”.

The 1con 51 1s assigned to “CPU1”, and the 1con 52 1s
assigned to “CPU2”. The 1cons 53 and 54 are assigned to
“CPU3”. On the other hand, OSs and CPUs are not assigned
to the 1con 55, so that the 1con 55 1s 1n an undefined state.
In other words, the 1con 55 1s an unspecified icon.

Arrows indicating the order of execution from the icon 51
to the 1cons 52 and 53 are shown, and arrows indicating the
order of execution from the icons 32 and 53 to the 1con 54
are shown. An arrow indicating the order of execution from
the 1con 35 to the 1con 54 1s shown.

Thus, FIG. 9 shows that, among the icons 51 to 55, the
order of execution 1s as follows: the 1icon 51, the 1cons 52,
53 and 55, and the i1con 54. The icons 52, 53 and 55 are
parallel processes.

The pin 62 on the output side of the 1con 52 and the pin
64 on the input side of the 1con 54 are connected to each
other by the communication path CP2. Thus, FIG. 9 shows
that a communication process 1s performed between the
icons 52 and 34 through the communication path CP2.

In FIG. 9, the 1con 55 1s an unspecified icon for which
CPUs and OSs are not specified, as mentioned above, 11 the
icon 535 has a communication path not shown 1n FIG. 9, the
communication path for the i1con 55 1s an unspecified
communication path. If a CPU or an OS for at least one of
the multiple 1cons communicating through a communication
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path 1s not specified, such a communication path 1s an
unspecified communication path.

On the other hand, 1f there 1s an 1con that does not satisiy
the required processing times R11 to RT4 of the 1cons 51 to
54 among the estimated processing times T1 to T4 of the
icons 51 to 54, such an 1con 1s an unsatisfactory icon to be
described later.

Further, 1f the estimated communication time TC2 of the
communication path CP2 docs not satisfy a required com-
munication time RTC2, the communication path CP2 1s an
unsatisfactory communication path to be described later.

The program creation aid section 7 receives the program
information D6 directly from the program creation section 1,
and receives the required-time-added program environment
information D4¢ from the input device 4 via the program
creation section 1. The program creation aid section 7
turther receives the estimated-time-added program 1informa-
tion D67 from the execution time estimation section 2, as
appropriate.

The program creation aid section 7 receives the required-
time-added program environment imnformation D4¢ and the
program information D6, and refers to the estimated pro-
gram execution time included in the estimated-time-added
program information D67 to execute a program creation aid
process to be described later.

If there 1s an unspecified icon for which a CPU or an OS
1s not specified among the multiple 1cons indicated by the
program information D6, the program creation aid section 7
recognizes such an 1con as at least one unspecified icon.

Furthermore, if the estimated processing time for each of
the multiple 1cons does not satisty the corresponding
required processing time among the multiple required pro-
cessing times, the program creation aid section 7 recognizes
such an 1con as at least one unsatisfactory icon.

In addition, 1f the estimated communication time for each
of the necessary number of communication paths does not
satisly the corresponding required processing time among a
necessary number of required estimated times, the program
creation aid section 7 recognizes such a communication path
as at least one unsatisfactory communication path.

When at least one unspecified icon 1s present, the program
creation aid section 7 executes a first assignment aid process
as the program creation aid process.

The first assignment aid process 1s the process of auto-
matically assigning a CPU and an OS to each of the at least
one unspecified icon so as to satisiy indication details of the
required execution time mformation including the required
overall execution time RT, the multiple required processing
times, and the necessary number of required communication
times.

The program creation aid section 7 1s capable of causing
the execution time estimation section 2 to execute the
execution time estimation process as appropriate during the
execution of the first assignment aid process. Thus, the
program creation aid section 7 1s capable of verilying
whether the required execution time information i1s to be
satisfied for an 1con or a communication path to which the
CPU and OS assignment 1s added or not by reference to the
estimated-time-added program information D6¢ created by
the execution time estimation section 2.

If at least one unsatisfactory i1con or at least one unsatis-
factory commumnication path is present, the program creation
aid section 7 executes a second assignment aid process as the
program creation aid process.

The second assignment aid process i1s the process of
automatically assigning a CPU and an OS to each of the at
least one unsatistactory 1con and the at least one unsatistac-
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tory communication path so as to satisty indication details of
the required execution time information including the
required overall execution time RT, the multiple required
processing times, and the necessary number of required
communication times.

In the second assignment aid process, the assignment of
a CPU and an OS to at least one unsatisfactory communi-
cation path means changing the CPU and OS assignment
details of at least one of the pair of 1cons between which the
unsatisfactory communication path 1s formed.

As mentioned above, the program creation aid section 7
1s capable of causing the execution time estimation section
2 to execute the execution time estimation process as
appropriate during the execution of the second assignment
aid process. Thus, the program creation aid section 7 1s
capable of verilying whether the required execution time
information 1s to be satisfied for an 1con or a communication
path to which the CPU and OS assignment 1s changed or not
by reference to the estimated-time-added program informa-
tion D6¢ created by the execution time estimation section 2.

In the program indicated by the program information D6,
the mput-to-output derivation from the starting icon to the
ending icon 1s formulated as a constraint satisfaction prob-
lem, and the solution 1s derived by a SAT (Boolean satisfi-
ability testing) solver or by a learner that has been previously
trained by machine learning.

Thus, the program creation aid section 7 applies a tech-
nique for solving the constraint satisfaction problem by
means of the SAT solver or the learner to automatically
perform the aforementioned first and second assignment aid
Processes.

FIG. 10 1s a flow diagram showing a procedure for the
execution of a program creation aid process by the program
creation aid section 7. The details of the operation of the
program creation aid section 7 will be described with
reference to FIG. 10.

Information indicating the start of the operation of the
program creation aid section 7 1s provided from the input
device 4, whereby the operation of the program creation aid
section 7 1s commenced.

In Step S21, the program creation aid section 7 receives
the program information D6, the required-time-added pro-
gram environment information D4¢, and the estimated-time-
added program information D6¢. The program creation aid
section 7 receives the program information D6 from the
program creation section 1, receives the required-time-
added program environment information D4¢ from the mput
device 4 via the program creation section 1, and recerves the
estimated-time-added program information D67 from the
execution time estimation section 2.

In Step S22, the program creation aid section 7 checks
whether an unspecified icon for which a CPU or an OS 1s not
specified 1s present or not, based on the program imnformation
D6. 11 the unspecified 1con 1s present (YES) i Step S22, the
process proceeds to Step S25. If the unspecified 1con 1s not
present (NO) 1n Step S22, the process proceeds to Step S23.

In Step S23 which 1s performed 11 the judgment result 1s
NO 1n Step S22, a comparison 1s made between the required-
time-added program environment imnformation D4¢ and the
estimated-time-added program information D6t

The required execution time mformation 1n the required-
time-added program environment information D4¢ includes
multiple required processing times and a necessary number
of required communication times, and the estimated-time-
added program mformation D67 includes multiple estimated
processing times and a necessary number of estimated
communication times.
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In Step S24, the program creation aid section 7 checks
whether an unsatisfactory icon and an unsatisfactory com-
munication path are present or not. If the unsatistactory icon
or the unsatisfactory communication path 1s present (YES),
the process proceeds to Step S2S. If the unsatisfactory icon
and the unsatisfactory communication path are not present
(NO), the process 1s terminated.

The program creation aid section 7 1s capable of deter-
mining the presence or absence of the unsatisfactory icon,
based on the result of comparison between the multiple
required processing times and the multiple estimated pro-
cessing times, and capable of determiming the presence or
absence of the unsatisfactory communication path, based on
the result of comparison between the necessary number of
required communication times and the necessary number of
estimated communication times.

In Step S25, the program creation aid section 7 executes
the first assignment aid process or the second assignment aid
process. Alter the judgment result 1s YES 1n Step S22, the
first assignment aid process 1s executed. After the judgment
result 1s YES 1n Step S24, the second assignment aid process
1s executed.

As mentioned above, the first and second assignment aid

processes are the processes of executing the assignment of
icons to CPUs and OSs with the use of the atorementioned
SAT solver or learner so as to satisty the indication details
of the required execution time information including the
required overall execution time RT, the multiple required
processing times, and the necessary number of required
communication times.

Then, 1 Step S26, the program creation aid section 7
checks whether the first or second assignment aid process
executed 1 Step S25 1s successiul or not. If the first or
second assignment aid process 1s successiul (YES), the
process 1s terminated. Specifically, if the first or second
assignment aid process 1 Step S25 results 1n the CPU and
OS assignment to multiple 1cons while satistying the 1ndi-
cation details of the required execution time information, the
judgment result 1s YES 1n Step S26; otherwise, the judgment
result 1s NO 1n Step S26.

On the other hand, 1l the successful result 1s not found
(NO) 1in Step S26, an unsuccessiul notification process 1s
executed 1 Step S27 to notily that the assignment aid
process has been unsuccessiul. The unsuccessiul notification
process 1s executed, for example, by displaying information
indicating an unsuccessiul result on the display device 5
from the program creation aid section 7 via the program
creation section 1.

In the flow diagram of the program creation aid process
shown 1n FI1G. 10, one of the first and second assignment aid
processes 1s selectively executed in the procedure. In other
words, the second assignment aid process 1s executed only
if the judgment result 1n Step S22 1s YES and the judgment
result 1n Step S24 1s YES.

The procedure shown in FIG. 10 may be changed so that
the first and second assignment aid processes are performed
together. Specifically, the procedure may be changed so that
the second assignment aid process 1s executed even 1f the
judgment result 1n Step S22 1s NO but the judgment result
in Step S24 1s YES.

FIG. 11 1s a flow diagram showing a procedure for the
program creation process using the program creation assis-
tance device 72 of the second embodiment.

With reference to FIG. 11, a procedure for program
development using the program creation assistance device
72 of the second embodiment will be described.
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First, in Step S31, an operator provides the required-time-
added program environment information D4z about the
target HW for development by means of the iput device 4
to the program creation section 1.

The processes 1 Steps S32 to S34 and S37 are performed
in the same manner as the processes 1 Steps S12 to S14 and
S18 of the first embodiment shown i FIG. 7.

In Step S35 which 1s executed atfter Step S34, the program
creation aid section 7 1s placed into a start-up state. Spe-
cifically, information indicating the start of the operation of
the program creation aid section 7 1s provided from the input
device 4.

Then, 1 Step S36, the program creation aid process 1s
executed by the program creation aid section 7. The program
creation aid process includes the first and second assignment
aid processes shown 1n FIG. 10.

Finally, the current program information D6 1s outputted
as the fixed program information D6f to the program con-
version section 3 1 Step S37. As a result, the dedicated
program 1nformation D3 for the target HW for development
1s obtainable by the program conversion process using the
program conversion section 3. After the execution of Step
S37, the process 1s terminated.

Step S37 1s executed when the program creation aid
process shown 1n FIG. 10 results in YES 1n Step S26, and 1s
not executed when the program creation aid process results
in NO 1n Step S26.

The program creation assistance device 72 of the second
embodiment allows the operator as a user to easily develop
a program satisiying the indication details of the required
execution time information desired by the operator even 1f
there 1s an unspecified icon for which an OS or a CPU
executing each process constituting the program i1s not
specified.

As mentioned above, the program creation assistance
device 72 of the second embodiment i1s characterized by
having the program creation aid section 7 that executes the
program creation aid process. The first and second assign-
ment aid processes are imcluded 1n the program creation aid
pProcess.

In the program creation assistance device 72 of the second
embodiment, the program creation aid section 7 executes the
first assignment aid process which automatically assigns a
CPU and an OS to each of the at least one unspecified icon
so as to satisiy the indication details of the required execu-
tion time 1mnformation including the required overall execu-
tion time RT, the multiple required processing times, and the
necessary number of required communication times.

The program creation assistance device 72 of the second
embodiment 1s hence capable of automatically creating a
program satistying the indication details of the required
execution time information without placing a burden on the
operator as the user even 1f the unspecified 1con 1s present.

Thus, the program creation assistance device 72 of the
second embodiment 1s capable of automatically creating a
program satisiying the indication details of the required
execution time information even 1f the multiple 1con are all
unspecified i1cons.

The program creation aid section 7 further executes the
second assignment aid process which automatically assigns
a CPU and an OS to each of the at least one unsatisfactory
icon and the at least one unsatisfactory communication path
so as to satisiy the indication details of the required execu-
tion time mformation.

The program creation assistance device 72 of the second
embodiment 1s hence capable of automatically creating a
program satistying the indication details of the required
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execution time information without placing a burden on the
operator as the user even 1f the unsatisfactory icon and the
unsatisfactory communication path are present.

Third Embodiment

When an industrial PC (Personal Computer) or the like 1s
used to execute control processing of a device and data
collection and data analysis processing from the device 1n a
single controller, the control processing 1s often executed by
a real-time OS whereas the data analysis processing 1is
executed by a general-purpose OS. In such cases, the
execution time of the processing executed by tire general-
purpose OS has a wide vanation range. This necessitates
estimation and program development that take into account
the variations 1n execution time. A third embodiment to be
described below assumes the processing executed by the
general-purpose OS.

FIG. 12 1s a block diagram showing a configuration of a
program creation assistance device 73 according to the third
embodiment of the present disclosure. As shown 1n FIG. 12,
the program creation assistance device 73 of the third
embodiment 1s characterized 1n that the execution time
estimation section 2 and the program creation aid section 7
in the program creation assistance device 72 of the second
embodiment are replaced with an execution time estimation
section 2X and a program creation aid section 8.

The same components shown 1n FIG. 12 as those of the
first and second embodiments shown 1n FIGS. 1 and 8 are
designated by the same reference numerals and characters as
approprate, and will not be described. Features of the third
embodiment will be mainly described.

The execution time estimation section 2X receives the
required-time-added program environment information D4¢
and the program information D6 to execute an execution
time estimation process for obtaining an estimated program
execution time with a probability distribution added thereto
for a program.

The execution time estimation section 2X includes a
probability-distribution-added processing time estimation
section 21X and a probability-distribution-added communi-
cation time estimation section 22X as 1ts main components.

The probability-distribution-added processing time esti-
mation section 21X refers to the required-time-added pro-
gram environment information D4¢ and the program infor-
mation D6 to execute a processing time estimation process
which obtains a probability-distribution-added estimated
processing time by estimating the processing time of a
corresponding process for each of the multiple icons indi-
cated by the program information D6, based on the specified
CPU and OS.

Thus, multiple probability-distribution-added estimated
processing times corresponding to the multiple 1cons are
obtained by the execution of the processing time estimation
process by the probability-distribution-added processing
time estimation section 21X. The probabaility distribution of
the multiple estimated processing times corresponding to the
multiple 1cons 1s recognized from the multiple probability-
distribution-added estimated processing times. The multiple
probability-distribution-added estimated processing times
include the probability of satisiying the corresponding mul-
tiple required processing times.

The probability-distribution-added communication time
estimation section 22X refers to the required-time-added
program environment information D4¢ and the program
information D6 to execute a communication time estimation
process which obtains a probability-distribution-added esti-
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mated communication time by estimating a communication
time for each of a necessary number of communication paths
indicated by the program information D6, based on the
specified CPU and OS.

Thus, multiple probability-distribution-added estimated
communication times corresponding to the necessary num-
ber of commumnication paths are obtained by the execution of
the communication time estimation process by the probabil-
ity-distribution-added communication time estimation sec-
tion 22X. The probability distribution of a necessary number
of estimated communication times corresponding to the
necessary number ol communication paths 1s recognized
from the multiple probability-distribution-added estimated
communication times. The multiple probability-distribution-
added estimated communication times include the probabil-

ity of satistying the corresponding multiple required com-
munication times.

Thus, the estimated program execution time obtained by
the execution time estimation section 2X 1ncludes the mul-
tiple probability-distribution-added estimated processing
times corresponding to the multiple icons, and a necessary
number of probability-distribution-added estimated commu-
nication times corresponding to the necessary number of
communication paths.

The execution time estimation section 2X outputs the
estimated-time-added program information D67 that 1s the
program information D6 with the alorementioned estimated
program execution time added thereto.

The estimated-time-added program information D6¢
includes information indicating the probability of satistying
a corresponding required communication time for each of
the multiple estimated processing times and the probability
of satisfying a corresponding required communication time
for each of the necessary number of estimated communica-
tion times.

In addition, probability-distribution-added program infor-
mation Déx includes imnformation indicating the probability
distribution of the estimated overall execution time AT and
the probability that the estimated overall execution time AT
satisfies the required overall execution time RT.

The processing time estimation process by the probabil-
ity-distribution-added processing time estimation section
21X and the communication time estimation process by the
probability-distribution-added communication time estima-
tion section 22X are performed, for example, by repeating a
simulation considering the specified OS and CPU, estimat-
ing the estimated processing time and the estimated com-
munication time many times, and performing statistical
processing based on the estimation results.

FIGS. 13 and 14 are 1llustrations showing an example of
an estimation result 235 of the probability-distribution-added
estimated processing time. It 1s assumed herein that the
estimation result 25 was a result of estimation of the 1con 51
corresponding to the process A. FIG. 13 shows the prob-
ability-distribution-added estimated processing time 1n
graphical form, 1n which a probability distribution PD1 1s
shown 1n corresponding relation to the estimated processing
time (ms). FIG. 14 shows the probability-distribution-added
estimated processing time 1n tabular form, 1 which the
probability thereof 1s shown 1n corresponding relation to the
estimated processing time (ms).

FIG. 15 1s an illustration showing a relationship between
the probability-distribution-added estimated processing time
shown in FIG. 13 and the required processing time 1n
graphical form. As shown 1n FIG. 15, there 1s shown a case
in which the required processing time required for the
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process A of the 1con 51 1s 5.1 (ms), and a line extending
vertically from 5.1 ms 1s a reference probability line PS1.

In this case, the ratio of the area of a region RP1 to the left
of the reference probability line PS1 to the entire region with
the probability distribution PD1 of not less than 0 indicates
the probability of satistying the required processing time,
and the ratio of the area of a region RP2 to the rnight of the
reference probability line PS1 to the entire region indicates
the probability of not satisfying the required processing
time. The areas of the regions RP1 and RP2 are determined
by performing an integral operation on the probability
distribution PD1.

As shown 1 FIGS. 13 to 15, the probability-distribution-
added processing time estimation section 21X of the execu-
tion time estimation section 2X executes the processing time
estimation process which obtains the probability-distribu-
tion-added estimated processing time for the process corre-
sponding to each 1con by calculating the estimation result 25
as shown in FIG. 15 for each icon.

Likewise, the probability-distribution-added communica-
tion time estimation section 22X of the execution time
estimation section 2X executes the communication time
estimation process which obtains the probability-distribu-
tion-added estimated commumnication time for communica-
tion corresponding to each communication path by calcu-
lating the estimation result similar to the estimation result 235
shown 1n FIGS. 13 to 15 for each communication path.

FIG. 16 1s an 1illustration showing an example of an
estimation result 26 of a probability-distribution-added esti-
mated overall execution time in graphical form. As shown in
FIG. 16, a probability distribution PDO0 1s shown 1n corre-
sponding relation to an estimated overall execution time
(ms).

As shown 1n FIG. 16, there 1s shown a case 1n which the
required overall execution time RT 1s 20.5 (ms), and a line
extending vertically from 20.5 ms 1s a reference probabaility
line PSO.

In this case, the ratio of the area of a region RA1 to the
lett of the reference probability line PS0 to the entire region
with the probability distribution PD0 of not less than O
indicates the probability of satisitying the required process-
ing time, and the ratio of the area of a region RA2 to the right
of the reference probability line PS0 to the entire region
indicates the probability of not satisiying the required pro-
cessing time. The areas of the regions RA1 and RA2 are
determined by performing an integral operation on the
probability distribution PDO.

As shown 1n FIG. 16, the execution time estimation
section 2X executes the execution time estimation process
which obtains the probability-distribution-added estimated
overall execution time by calculating the estimation result
26 for the estimated overall execution time AT.

The estimation result 26 shown 1n FIG. 16 1s obtained, for
example, by first and second estimation methods to be
described below. The first estimation method 1s a method 1n
which the probability distribution of the estimated overall
execution time AT 1s obtained by repeating a simulation. The
alorementioned simulation 1s a simulation that executes a
program including multiple 1cons and a necessary number of
communication paths.

The second estimation method 1s a method 1 which
calculation 1s performed using the multiple probability-
distribution-added estimated processing times and the nec-
essary number of probability-distribution-added estimated
communication times. In other words, the second estimation
method 1s a method derived by determining the simultane-
ous probability distribution of the probability-distribution-
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added estimated processing time for each icon and the
probability-distribution-added estimated communication
time for each communication path for the multiple 1cons and
the necessary number of communication paths. Each prob-
ability-distribution-added  estimated processing time
includes the probability of satisfying the corresponding
required processing time, and each probability-distribution-
added estimated commumnication time includes the probabil-
ity of satistying the corresponding required communication
time.

The program creation aid section 8 receives the program
information D6 created by the program creation section 1,
and the required-time-added program environment informa-
tion D4¢ via the program creation section 1.

The program creation aid section 8 executes the program
creation aid process by reference to the estimated-time-
added program information Dé6¢ from the execution time
estimation section 2X, based on the probability-distribution-
added program information Déx and the required-time-
added program environment information D4z,

The program creation aid process executed by the pro-
gram creation aid section 8 i1s a probability-based assign-
ment aid process which automatically assigns a CPU and an
OS to each of the multiple 1cons so that the probability of
satistying the requited overall execution time RT 1s maxi-
mized.

During the execution of the probability-based assignment
aid process, the program creation aid section 8 refers to the
estimated-time-added program information D67 from the
execution time estimation section 2X as appropriate to
thereby check whether the probability of satistying the
required overall execution time RT has been maximized or
not for an 1con or a communication path for which the CPU
and OS assignment 1s added or changed.

In the third embodiment, all of the multiple 1cons are the
target of the process performed by the program creation aid
section 8.

A concervable example of the probability-based assign-
ment aid process 1s an overall priority estimation method
which uses the aforementioned first estimation method to
repeatedly obtain the estimation result 26 of the estimated
overall execution time from the execution time estimation
section 2X while changing the CPU and OS assignment to
the multiple 1cons.

Another concervable method of the probability-based
assignment aid process 1s an 1ndividual priority estimation
method which sets the CPU and OS assignment to the
multiple icons so that the probability of satistying the
required processing time corresponding to the multiple 1cons
1s the highest and the probability of satisfying the required
communication time corresponding to the necessary number
of communication paths 1s the highest.

In other words, the individual priority estimation method
1s an estimation method which uses the second estimation
method and assumes the process of repeatedly obtaining the
multiple probability-distribution-added estimated process-
ing times and the necessary number of probability-distribu-
tion-added estimated communication times from the execu-
tion time estimation section 2X.

Thus, the mdividual priority estimation method derives
the probability-distribution-added estimated overall execu-
tion time by obtaining the simultaneous probability distri-
bution of the entire program from the aforementioned esti-
mation result 235.

The hardware configuration of the third embodiment 1s
also shown 1n FIG. 18, as in the first and second embodi-
ments. However, the program creation aid section 8 and the
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execution time estimation section 2X are implemented by
the computer 102 executing an application program.

In this manner, the program creation aid process executed
by the program creation aid section 8 1s the probability-
based assignment aid process which automatically assigns a
CPU and an OS to each of the multiple 1cons to be processed
so that the probability of satisiying the required overall
execution time RT 1s maximized.

FIG. 17 1s a flow diagram showing a procedure for the
program creation process using the program creation assis-
tance device 73 of the third embodiment.

With reference to FIG. 17, a procedure for program
development using foe program creation assistance device
73 of the third embodiment will be described.

The processes 1 Steps S41 to S44 and S47 are performed
in the same manner as the processes 1 Steps S31 to S34 and
S37 of the second embodiment shown in FIG. 11.

In Step S435 which 1s executed after Step S44, the program
creation aid section 8 1s placed into a start-up state. Spe-
cifically, information indicating the start of the operation of
the program creation aid section 8 1s provided from the input
device 4.

Then, 1n Step S46, the alorementioned probability-based
assignment aid process with all of the multiple icons as
processing targets 1s executed by the program creation aid
section 8.

The program creation assistance device 73 of the third
embodiment 1s capable of developing a program with the
highest probability of satistying the required overall execu-
tion time RT desired by the operator as the user even when
there 1s a process with a large variation range 1n execution
time.

Although the processing target of the probability-based
assignment aid process executed in Step S46 1s all of the
multiple 1cons 1n the third embodiment, the processing target
may be limited as in the second embodiment.

In other words, a limit may be set so that an unspecified
icon, an unsatisiactory icon, and an unsatisifactory commu-
nication path are the processing targets of the probability-
based assignment aid process, as 1n the second embodiment.

A conceivable example or judgment details of the unsat-
isfactory icon 1s that the probability of not satisiying the
required processing time 1s lower than a criterion, and a
concelvable example of judgment details of the unsatistac-
tory communication path 1s that the probability of not
satisiying the required communication time is lower than a
criterion.

The program creation aid section 8 1n the program cre-
ation assistance device 73 of the third embodiment executes
the probability-based assignment aid process which auto-
matically assigns a CPU and an OS to each of the multiple
icons to be processed so that the probability of satisiying the
required overall execution time RT 1s maximized.

The program creation assistance device 73 of the third
embodiment 1s hence capable of automatically creating a
program with the highest probability of satisfying the
required overall execution time RT without placing a burden
on the operator as the user.

The program creation assistance device 73 of the third
embodiment also uses the probability-distribution-added
program 1nformation D6x to show a program that 1s the best
in the current situation to the user even when the probabaility
of satistying the required overall execution time RT 1s
relatively low.

Others

In the aforementioned first to third embodiments, the
communication detail description process by the communi-
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cation detail description section 112 includes a communi-
cation method selection process which selects a communi-
cation method to be applied to each of a necessary number
of communication paths as a selected communication
method from among multiple types of communication meth-
ods.

The aforementioned communication method selection
process 1s usually performed by the operator as the user
using the mput device 4. However, a modification in which
the communication detail description section 112 automati-
cally performs the communication method selection process
1s also conceivable.

To achieve the modification, the communication time
estimation process of the communication time estimation
section 22 (the probability-distribution-added communica-
tion time estimation section 22X) of the execution time
estimation section 2 (2X) includes a communication-
method-specific estimation process which obtains the esti-
mated communication time of each of the multiple types of
communication methods as a communication-method-spe-
cific estimation result for each of a necessary number of
communication paths.

In the modification, the communication detail description
section 112 hence causes the execution time estimation
section 2 to execute the aforementioned communication-
method-specific estimation process to obtain the communi-
cation-method-specific estimation result, thereby automati-
cally selecting the communication method with the shortest
estimated communication time as the selected communica-
tion method from among the multiple types of communica-
tion methods.

Thus, the communication detail description section 112 in
the modification of the program creation assistance device of
the present embodiment automatically executes the commu-
nication method selection process which selects the com-
munication method with the shortest estimated communica-
tion time as the selected communication method from
among the multiple types of communication methods, based
on the communication-method-specific estimation result
from the communication time estimation section 22.

This produces the effect of freeing the user from the labor
of selecting the communication method to be applied to a
necessary number of communication paths.

The embodiments may be freely combined or the embodi-
ments may be changed and dispensed with, as appropriate,
within the scope of the present disclosure.

The invention claimed 1s:

1. A program creation assistance device for a parallel

real-time processing device, comprising:

an 1mmput device to provide program environment infor-
mation including a configuration of a central processing,
umt (CPU) and an operating system (OS) for use by the
parallel real-time processing device;

a program creation circuitry to create a program using the
CPU and OS specified by the program environment
information to output program information indicating
details of the program; and

an execution time estimation circuitry to receive the
program information and to execute an execution time
estimation process which obtains an estimated program
execution time for the program,

the program creation circuitry including

a processing configuration description circuitry to execute
a processing configuration description process which
brings multiple processes making up the program into
correspondence with multiple icons, specifies a CPU

10

15

20

25

30

35

40

45

50

55

60

65

24

and an OS for each of the multiple 1cons, and describes
an execution order relationship between the multiple
icons, and

a communication detail description circuitry to execute a
communication detail description process which
describes communication details of each of a necessary
number ol communication paths between the multiple
1ConSs,

the execution time estimation circuitry including

a processing time estimation circuitry to execute a pro-
cessing time estimation process which obtains an esti-
mated processing time by estimating a processing time
of a corresponding process for each of the multiple
icons, based on the specified CPU and OS, and

a communication time estimation circuitry to execute a
communication time estimation process which obtains
an estimated communication time by estimating a com-
munication time for each of the necessary number of
communication paths, based on the specified CPU and
OS,

wherein the processing configuration description process
and the communication detail description process are
executed 1n response 1o a user operation using the input
device, and an instruction for start of execution of the
processing time estimation process and the communi-
cation time estimation process 1s provided by a user
operation using the input device, and

wherein the execution time estimation process includes
the processing time estimation process and the com-
munication time estimation process, and the estimated
program execution time ncludes the estimated process-
ing time for each of the multiple icons and the esti-
mated communication time for each of the necessary
number of communication paths,

the program creation assistance device further comprising

a display to display estimated-time-added program infor-
mation on a screen, the estimated-time-added program
information being information in which the estimated
processing time 1s brought into correspondence with
cach of the multiple 1cons and in which the estimated
communication time 1s brought into correspondence
with each of the necessary number of communication
paths.

2. The program creation assistance device according to

claim 1,

wherein the program creation circuitry further includes

a processing detail creation circuitry to execute a process-
ing detail creation process which creates processing
details of each of the multiple icons, and

wherein the processing detail creation process 1s executed
1n response to a user operation using the mput device.

3. The program creation assistance device according to

claim 1,

wherein the program including the multiple icons for
which the CPU and OS correspondence 1s completed
and the necessary number of communication paths 1s
specified as a fixed program, and the program infor-
mation includes fixed program information indicating
details of the fixed program,

the program creation assistance device further comprising

a program conversion circuitry to receive the fixed pro-
gram 1nformation and to convert the fixed program into
a dedicated program to be executed by the parallel
real-time processing device,

the program conversion circuitry including
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a processing code generation circuitry to convert process-
ing of the multiple icons in the fixed program into
multiple processing codes for the parallel real-time
processing device, and

a communication code generation circuitry to convert the
necessary number ol communication paths 1n the fixed
program 1nto a necessary number of communication
codes for the parallel real-time processing device,

wherein the dedicated program includes the multiple
processing codes and the necessary number of com-
munication codes.

4. The program creation assistance device according to

claim 1,

wherein the program environment information includes
required execution time information indicating a
required overall execution time of the program, mul-
tiple required processing times corresponding to the
multiple processes, and a necessary number of required
communication times corresponding to the necessary
number of communication paths, and

wherein, an icon, 1f any, for which a CPU or an OS 1s not
specified among the multiple 1cons 1s specified as at
least one unspecified icon,

the program creation assistance device further comprising

a program creation aid circuitry to receive the program
environment information and the program information
and to execute a program creation aid process by
reference to the estimated program execution time
provided from the execution time estimation circuitry,

wherein the program creation aid process includes a first
assignment aid process which automatically assigns a
CPU and an OS to each of the at least one unspecified
icon so as to satisty indication details of the required
execution time information.

5. The program creation assistance device according to

claim 4,

wherein, 1f the estimated processing time for one or more
of the multiple 1cons does not satisty a corresponding
required processing time among the multiple required
processing times, one or more icons are specified as at
least one unsatisfactory icon,

wherein, 1f the estimated communication time for one or
more of the necessary number of communication paths
does not satisty a corresponding required communica-
tion time among the necessary number of required
communication times, one or more communication
paths are specified as at least one unsatisfactory com-
munication path, and

wherein the program creation aid process includes a
second assignment aid process which automatically
assigns a CPU and an OS to each of the at least one
unsatisfactory i1con and the at least one unsatisfactory
communication path so as to satisfy indication details
of the required execution time information.

6. The program creation assistance device according to

claim 1,

wherein the processing time estimation circuitry includes
a probability-distribution-added processing time esti-
mation circuitry to execute the processing time estima-
tion process which obtains a probability-distribution-
added estimated processing time by estimating a
processing time of a corresponding process for each of
the multiple 1cons, based on the specified CPU and OS,
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wherein the communication time estimation circuitry
includes a probability-distribution-added communica-
tion time estimation circuitry to execute the commu-
nication time estimation process which obtains a prob-
ability-distribution-added estimated communication
time by estimating a communication time for each of
the necessary number of communication paths, based
on the specified CPU and OS,

wherein the estimated processing time includes the prob-
ability-distribution-added estimated processing time,
and the estimated communication time includes the
probability-distribution-added estimated communica-
tion time,

wherein the estimated program execution time includes
the probability-distribution-added estimated processing
time for each of the multiple 1cons and the probability-
distribution-added estimated communication time for
cach of the necessary number of communication paths,
and

wherein the program environment information includes
required execution time information indicating a
required overall execution time of the program, mul-
tiple required processing times corresponding to the
multiple processes, and a necessary number of required
communication times corresponding to the necessary
number of communication paths,

the program creation assistance device further comprising

a program creation aid circuitry to receive the program
environment information and the program information
and to execute a program creation aid process by
reference to the estimated program execution time
provided from the execution time estimation circuitry,

wherein the program creation aid process includes a
probability-based assignment aid process which auto-
matically assigns a CPU and an OS to at least part of
the multiple 1cons to be processed so that the probabil-
ity of satistying the required overall execution time 1s
maximized.

7. The program creation assistance device according to

claim 1,

wherein the communication detail description process
executed by the communication detail description cir-
cuitry includes a communication method selection pro-
cess which selects a communication method to be
applied to each of the necessary number of communi-
cation paths as a selected communication method from
among multiple types of communication methods,

wherein the communication time estimation process
executed by the communication time estimation cir-
cuitry includes a process which obtains the estimated
communication time of each of the multiple types of
communication methods as a communication-method-
specific estimation result for each of the necessary
number of communication paths, and

wherein the communication method selection process
executed by the communication detail description cir-
cuitry 1s a process which selects a communication
method with the shortest estimated communication
time as the selected communication method from
among the multiple types of communication methods,
based on the communication-method-specific estima-
tion result.
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